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DETECTABLE LABELS, METHODS OF MANUFACTURE AND USE 

Field of the Invention 
[0001 ] This invention relates to detectable labels. More particularly, the present 
invention relates to labels, methods of manufacturing detectable labels and methods of 
using detectable labels. 

Background of the Invention 
[0002] Miniaturized markers and indicators have found utility in a wide variety 
of areas, but they are of particular interest in biological and chemical assays. The 
development of multiplexing and miniaturization of chemical and biochemical assays 
has improved the analysis of samples in such areas as biomedical analysis, 
environmental science, pharmaceutical research, food and water quality control. For 
example, in the area of genomics, DNA arrays allow multiplexing and miniaturization 
of tests by providing a unique DNA target a unique address in the form of a position on 
the array in a small area (typically less than 100 microns in diameter) on the array 
surface. The total size of the surface and the spacing and size of the individual target 
determines the number of addresses available. 

[0003] Microtiter plates also allow multiplexing and miniaturization of samples 
by providing many individual wells, each at a unique position. It is possible for each 
well to have a unique target and to be tested with a unique sample, which allows for the 
multiplexing of both targets and samples. 



[0004] Another way of achieving miniaturization and multiplexing is through 
the use of miniaturized devices such as nanoparticles or labeled beads. These 
nanoparticles and labeled beads can be provided with a unique label that can be 
identified through appropriate instrumentation such as a flow-through cell, a bead 
sorter, or an imaging system. Nanoparticles and labeled beads can be used as substrates 
which can be functionalized with a variety of chemical and biochemical groups, 
including, but not limited to nucleic acids, proteins and small molecules. These 
functionalized nanoparticles or beads, which actually range in size from the hundreds of 
microns to nanometers, can be placed in a suspension, and binding and/or interaction 
events can be quantified by optical techniques such as fluorescence using conventional 
fluorescent markers such as Cy3 and Cy5. 

[0005] The use of nanoparticles and labeled beads in the analysis of 
biochemical binding events offers several advantages over conventional microarrays. 
Since binding studies can be carried out using suspensions of particles, issues related to 
local probe depletion encountered with microarrays can be minimized. The use of 
nanoparticles or labeled beads together with multiwell microtiter plates facilitates the 
design of highly multiplexed assays involving the binding of many different probes to 
many different particle types within individual wells. Although the use of 
nanoparticles or labeled beads offers many advantages, the manufacture of such 
miniaturized devices has proven difficult. More specifically, the mass production of 
such devices in large quantities and at a low cost is particularly problematic. 
[0006] One way of manufacturing these miniature devices has been developed 
by SurroMed, Incorporated, Mountain View, California, and involves making 
cylindrical metal nanoparticles of which the composition along the particle length can 
be varied in a stripe-like manner. Varying the number of stripes, the width of stripes, 
the identity of the metals, and the overall particle shape enables the production of a 
wide variety of unique labels. These "nanobarcode" tags can be identified using 
conventional optical microscopy, based on the pattern of differential reflectivity of 
adjacent metal stripes. These identification tags facilitate multiplexing of assays in 
various media. However, the manufacture of these metallic nanoparticles can be 
technically challenging and expensive. In addition, reflectance measurements generally 
have a high signal to noise ratio and poor sensitivity. 



[0007] A method for manufacturing microparticles is described in United States 
patent number 6,268,222. United States patent number 6,268,222 describes a core 
particle having on its surface smaller polymeric particles stained with different 
fluorescent dyes. One limitation of the use of fluorescent dyes to identify the particles 
is that the excitation and emission spectra of these dyes may interfere or overlap with 
conventional dyes such as Cy3 and Cy3 that are used for tagging reporter molecules 
used in bioanalysis. In addition, the fluorescence intensity of dyes tends to deteriorate 
over time upon prolonged or repeated exposure to light. Still another limitation of dyes 
is that the degradation products of these dyes are organic compounds that may interfere 
with biological processes and molecules being evaluated. 

[0008] It would be advantageous to provide miniaturized labels that could be 
encoded with a large number of unique identification tags and could be utilized for 
sensing interaction and binding of molecules. Moreover, it would be desirable if the 
devices could be mass produced easily and inexpensively. Furthermore, it would be 
useful if the devices could be identified using conventional optical detection techniques, 
for example, those using fluorescence detection. 

Summary of Invention 
[0009] One embodiment of the invention relates to a detectable label 
comprising a particle containing at least one rare earth element. According to another 
embodiment, the rare earth elements may include Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, 
Er, Tm, Yb, U, and combinations thereof. In another embodiment, the particle includes 
a plurality of rare earth elements arranged in a pattern or array to provide a unique 
identification code for the particle. In other embodiments, the label is adapted to detect 
an analyte in a sample or interaction of two molecules. 

[00010] In still other embodiments, the particle includes a glass microparticle 
such as a microsphere having a pattern of rare earth elements shutter masked thereon. 
In other embodiments, the particle includes a cross-section of a fiber including an array 
of layers, at least one of the layers having an optical property different from an optical 
property of the other layers. In certain embodiments, the layers are arranged 
concentrically. In other embodiments, the layers are arranged across a cross section of 



the fiber. In some embodiments, at least one of the layers varies in thickness from other 
layers in the particle. In another embodiment, the layers in the fiber are arranged 
concentrically, and at least one of the concentric layers has a spectral emission different 
from the spectral emission of adjacent concentric layers. The fibers can be made from a 
variety of materials, including, but not limited to inorganic materials, glasses, polymers 
and combinations of these materials. 

[00011] In some embodiments, the particle includes a chemical or biological 
functional group attached to the particle for interaction with an analyte or biomolecule. 
According to another embodiment of the invention, the particle includes a surface 
treatment to facilitate binding or attachment of biomolecules thereto. According to 
another embodiment, the particle is derived from a cross-section plurality of fibers 
arranged in a bundle, at least one of the fibers including a rare earth dopant different 
from the rare earth dopant contained in the other fibers in the bundle. 
[00012] Another embodiment of the invention relates to a method of detecting an 
analyte in a sample including the steps of placing the sample in contact with a particle 
containing at least one rare earth element, the particle including a chemical functional 
group and a pattern thereon to provide a label for- the particle and monitoring the 
sample for the presence or absence of the analyte. In some embodiments of the method 
of detecting an analyte, the particle includes a cross section of a glass fiber having a 
cross-sectional dimension less than about one millimeter. In some embodiments of the 
method of detecting an analyte, the particle includes a plurality of layers arranged to 
provide the pattern. In certain embodiments of the method of detecting an analyte, the 
layers are arranged concentrically, and in other embodiments, the layers are arranged 
across a cross-section of the particle. In some embodiments of the method of detecting 
the analyte, at least one of the layers has a different thickness from the other layers. 
According to some embodiments, at least one of the layers includes a rare earth element 
having a spectral emission that is different of the spectral emission of the other layers. 
The layers may be made from materials such as inorganic materials, glasses, polymers 
and combinations of these materials. In another embodiment of a method of detecting 
an analyte using a particle doped with a rare earth element, the particle includes a glass 
microparticle having rare earth elements shutter masked thereon to provide the pattern. 



[00013] In another embodiment, a method of manufacturing an identifiable label 
for detecting the presence of an analyte in a sample or interaction of biomolecules is 
provided. This embodiment includes the steps of drawing a fiber having an array of 
regions of differing optical properties, the array of regions arranged in a manner to 
identify the fiber, and contacting the fiber with a chemical or biological functional 
group selected from the group consisting of a nucleic acid, an antibody, a protein, and 
an enzyme. Attachment or binding of biomolecules may be facilitated in certain 
embodiments by providing an appropriate surface treatment or chemistry on the fiber 
cross section. In another embodiment, the array of regions includes a rare earth 
element. In another embodiment, the method of manufacturing a label may further 
include the step of slicing the fiber into a plurality of cross sections. In one particular 
embodiment, a femtosecond pulsed laser is used to slice the fiber. In some 
embodiments of this method, the array of regions may be arranged concentrically. In 
other embodiments, the array of regions may be arranged across a cross section of the 
fiber. In certain embodiments of the method of manufacturing a label, the cross-section 
of the fiber is less than 1 millimeter. In certain embodiments of manufacturing a label 
from a fiber cross section, an array of regions may be provided, and this array of regions 
may be separated by a dissolvable glass which can be removed after the fiber is 
manufactured. In other embodiments of manufacturing a label from a fiber cross- 
section, some layers may be made from glass and some layers may be made from 
polymers. 

[00014] Still another embodiment of the invention relates to a method of 
manufacturing an identifiable label for detecting the presence of an analyte in a sample 
or interaction of biomolecules including the steps of providing a particle and shutter 
masking a pattern thereon to provide a unique identification code for the particle. In 
some embodiments, the pattern may be provided by shutter masking a plurality of rare 
earth elements on the particle to provide a unique identification code for the particle 
and contacting the particle with a chemical functional group. Suitable particles may 
include microspheres such as glass microspheres. In another embodiment, further steps 
may include the steps of depositing the particles in a microwell plate including a 



plurality of microwells and selectively depositing rare earth materials in the microwells 
to provide a unique identification code for the particles contained in each micro well. 
[00015] Another embodiment of the invention relates to a method of detecting 
multiple analytes in a sample. This embodiment includes the steps of providing coded 
particles, each of the particles having an analyte associated therewith, illuminating the 
particles with a light source, obtaining a spectral image of the particles and utilizing the 
spectral image to decode the particles. In certain embodiments, the spectral image of 
each individual particle includes the fluorescent emission from at least two different 
rare earth elements. In other embodiments, the rare earth elements are arranged in a 
pattern to provide a unique code for each particle. In some embodiments, the particles 
are imaged and the pattern is decoded to identify the analyte associated with each 
particle. 

[00016] Additional advantages of the invention will be set forth in the following 
detailed description. It is to be understood that both the foregoing general description 
and the following detailed description are exemplary and are intended to provide further 
explanation of the invention as claimed. . 

Brief Description of the Drawings 
[00017] FIG. 1 shows a schematic representation of a label according to one 
embodiment of the invention; 

[00018] FIG. 2 shows a schematic representation a step used in the manufacture 
of a label according to another embodiment of the invention; 

[00019] FIG. 3 shows a schematic representation of a cross-section of a particle 
made according to FIG. 2, taken along line 3-3 of FIG. 2; 

[00020] FIGS. 4a and 4b are microphoto graphs of particles according to one 
embodiment of the present invention; 

[00021] FIG. 5 is a cross-sectional view of a particle according to another 
embodiment of the invention; 

[00022] FIGS. 6a and 6b shows steps of shutter masking a pattern on a particle 
according to another embodiment of the invention. 



[00023] FIG. 7a is a microphoto graph of an encoded particle produced according 
to one embodiment of the invention; and 

[00024 ] FIG. 7b is a plot of the emission spectra of the particle shown in Fig. 7a 
after illumination with an ultraviolet light source. 

Detailed Description 
[00025] The present invention relates to miniature particles, their manufacture 
and use of particles as detectable labels. In some embodiments, the particles are doped 
with rare earth elements. In certain embodiments, particles can be manufactured by 
drawing fibers or shutter masking particles such as microspheres and providing a 
pattern associated with the fiber or microsphere to function as a label for the particle. 
As used herein, the term label means an identifying or descriptive marker including an 
encoded particle. The labels and methods of the present invention are useful in fields 
such as chemical, biochemical, biological or biomedical analysis, process control, 
pollution detection and control, and other areas. The label and methods are adaptable to 
a wide variety of samples including biological samples and extracts (such as 
physiological fluids, nucleic acid and/or protein-containing solutions, microbial 
cultures, etc.), environmental samples (such as water sources), industrial, especially 
chemical reagents, products and wastes, etc. According to the present invention, large 
numbers of particles can be simultaneously probed to determine binding and/or 
interaction between cells and biomolecules including, but not limited to proteins, 
antigens and antibodies, and nucleic acids. The particles of the present invention could 
be used in an unlimited number of assays such as high throughput drug screening and in 
vitro immunodiagnostics. 

[00026] One advantage of the present invention is the ability to provide labels 
used in bioanalysis that produce discrete optical signals that do not spectrally interfere 
with traditional fluorescent channels such as Cy3, Cy5, Texas Red, FITC, and other 
fluorescent reporter dyes. Another advantage of the present invention is that by using 
techniques such as fiber drawing or shutter masking, the particles can be inexpensively 
and easily mass produced. The particles can contain different amounts or 
concentrations of rare earth elements to provide a unique identification code for each 



particle. Another way of providing unique identification code is to dope a particle with 
a plurality of rare earth elements. The elements can be separated spatially to provide a 
pattern or array similar to a bar code. Each of the different rare earth elements, or same 
elements doped at a different concentration or location on the particle provides a 
discrete optical signal capable of detection by conventional optical equipment and can 
be used to identify the particle. 

[00027] Still another advantage of the invention is that the labels and methods of 
the present invention would not require new or elaborate methods of illumination or 
detection. Optical signals, including, but not limited to fluorescent signals can be 
collected by an imaging detector such as a charge coupled device (CCD) camera and 
image analysis can be utilized to determine quantitative assay data. Other systems that 
could be used for detection for use with the labels and methods of the present invention 
include an excitation source, a light filter and a detector array. 

[00028] The particles of the present invention may be attached or associated with a 
specific binding molecule so that the particles can be utilized in the detection of 
biological or chemical compounds and interactions of biomolecules with other 
biomolecules or chemicals. Attachment or association of the particles of the present 
invention to chemicals or biomolecules can be accomplished using techniques known in 
the art. An advantage of certain embodiments of the present invention is that in 
embodiments in which the particles are made from glasses or polymers, attachment of 
biomolecules and functionalization of such surfaces with coatings or layers with 
chemicals to facilitate attachment of biomolecules is well-known. For example, coating 
of glass and polymeric surfaces such as high density microarray and microwell surfaces 
to promote binding or attachment of biomolecules is known in the art. The surfaces of 
both organic and inorganic substrates can be modified by the deposition of a polymeric 
monolayer coating or film to construct biomolecular assemblies. In addition, surface 
modification can also be used to promote adhesion and lubrication, modify the 
electrical and optical properties of the substrate surface, and create electroactive films 
suitable for various optical and electronic sensors and devices. Compounds with amine 
functionality have found extensive application in the preparation of surfaces for nucleic 
acid hybridization. Due to their ability to bond to a substrate with a hydroxide and their 



ability to bond to nucleic acids with an amine, silane compounds are useful as surface 
coatings that will effectively immobilize nucleic acids. One example of a silane used 
for biological assay preparation is gamma amino propyl silane (GAPS), which may be 
deposited by a variety of methods, including CVD, spin coating, spray coating and dip 
coating. It will be understood that the particles used in accordance with the present 
invention can be functionalized with virtually any surface chemistry compatible with 
the particle surface, and the invention is not limited to a particular surface chemistry. In 
embodiments in which the particles are made from glass, the particles are extremely 
durable in organic solvents such as ethanol, isopropanol, chloroform, 
dimethylsulfoxide, dimethylformamide and hexane. Glass particles do not swell or 
dissolve in such solvents. 

[0002 9] According to one embodiment of the invention, the particles are made 
from a fiber, and the fiber can be encoded to provide a unique identification code for a 
large number of individual particles. Preferably, according to the present invention, 
more than 1000 codes, and preferably more than 10,000 unique codes can be provided. 
The present invention also provides a relatively simple process to mass produce such 
particles from inexpensive and readily available materials, processes and equipment. 

[00030] Referring to Fig. 1, according to one embodiment of the invention, a 
particle can be provided by manufacturing a core 10 made from a glass, a polymer, or 
any material that can be substantially deformed and drawn into a fiber or ribbon fiber. 
As used herein, the term "fiber" means an elongate, threadlike or ribbon-like structure. 
Preferably, the fiber has a cross-sectional dimension of less than 1 millimeter. In 
embodiments in which the fiber is a ribbon fiber, preferably the ribbon fiber has a 
cross-sectional dimension less than one millimeter in at least one direction. 
[00031] Techniques for manufacturing fibers or ribbon fibers are well-known. 
For example, fibers can be manufactured according to known optical fiber 
manufacturing techniques in which a preform of a glass or polymeric material is drawn 
into a fiber by heating one end of the preform to the softening point of the preform 
material and drawing fiber from the heated end. Fibers can also be manufactured by 
other known fiber making techniques. According to one aspect of the invention, the 
core material is covered with concentric layers that have an optical property that is 
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different from an optical property in adjacent layers. The optical properties can be 
varied by techniques including, but not limited to changing the composition of the 
layers, doping the layers with, for example, a rare earth element, or varying the colors 
of each layer. The different optical property can be detected by spectral analysis or any 
suitable method. As shown in Fig. 1, the core 10 is surrounded by four concentric 
layers 12, 14, 16, and 18. It will be understood, however, that the invention is not 
limited to any number of layers or configuration of layers. 

[00032 ] In another embodiment of the invention, the thickness of the concentric 
layers 12, 14, 16 and 18 surrounding the core 10 can be varied. By varying the optical 
properties and thickness of the layers, and alternating layers having different optical 
properties and thicknesses, a wide variety of uniquely coded fibers can be 
manufactured. After generation of a preform including the various layers, the preform 
can be drawn into fiber having a diameter or cross sectional dimension less than about 
one millimeter, and preferably on the order of about 10 to 100 microns. Thereafter, the 
fiber can be sliced or cut into thin sections, having a thickness ranging from about a ten 
millimeters down to about 1 micron. The slicing or cutting can be accomplished using 
conventional cutting tools or a laser. 

[00033] In one particular embodiment, the fiber ribbon can be cut by means of 
exposure to a femtosecond (fs) pulsed laser operating at about 800 nm or shorter. 
Experimentation has indicated that longer pulsed lasers result in heating and 
deformation of the thin fiber ribbon, while fs pulses are so short that the material is 
ablated from the cut without any heating or deformation of the ribbon. In one 
experiment, scribes were made 100 urn apart along the longitudinal axis of the fiber, 
and the pieces cleanly fractured into slices with light mechanical pressure. The coded 
fiber particles also remained in tact without loss of any sections of the fiber. This 
method could be used to slice the fiber as it is pulled off the draw to economically 
produce millions of bar code particles per minute. This is just one method of cutting the 
fiber ribbon. It will be understood that slicing of the fiber could also be performed via 
gang sawing, photoresist and etching, scribing, or a variety of mechanical techniques. 
[00034] A single fiber having a length of just a few meters is sufficient to 
provide millions of slices of fiber having a central core surrounded by concentric layers 
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having varying optical properties, colors, and/or thicknesses. Using well-known optical 
fiber production and drawing techniques, it is possible to draw miles of fiber from a 
single preform, which enables the inexpensive and simple production of a very large 
number of uniquely coded slices. 

[ 00035 ] These uniquely coded slices can be used in a wide variety of sensing and 
labeling applications. For example, after preparation of the fiber slices, which have a 
unique identification code based on the optical properties, order and thickness of the 
slices, the slices can be placed in contact with a chemical functional group for further 
analysis. For example, each slice could be associated with an analyte such as an 
antibody, a target DNA, a pharmaceutical^ active compound, a drug compound, etc. 
The particles associated with various analytes could then be used in a wide variety of 
assay formats, for example, where the binding and/or interaction of one or more 
molecules are being measured through the tagging of one of the reactants with a unique 
code, and the other reactant with a simple label. Attachment and binding of 
biomolecules may be facilitated by providing an appropriate surface chemistry on a 
surface of the particles. 

[00036] In another embodiment of the invention, a fiber or ribbon fiber can be 
prepared that has an array of layers arranged in a row across a cross sectional dimension 
of the fiber, wherein at least one of the layers has an optical property that is different 
from an optical property of adjacent layers. As shown in Fig. 2, a preform 20 is 
assembled that includes elongate sections 22, 24, 26, and 28, and each of the elongate 
sections has an optical property that is different from an optical property of adjacent 
layers. According to one aspect of the invention, each of the sections 22, 24, 26 and 28 
may include a different dopant, for example, a fluorescent material, to provide a 
patterned array across a cross section of the perform. In another aspect, the width of 
each section 22, 24, 26 and 28 can also be varied to increase the number of variables 
available to provide a unique identifier for each preform. The sections 22, 24, 26, and 
28 can be fused together by heating the sections near the softening point of the 
materials that make up the preform. A fiber can be made by heating the end of the 
perform 20 in a furnace 29 or other appropriate heating element and drawing an end of 
the preform 20 so that the preform necks down to a fiber or ribbon fiber. 
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[00037] As shown in Fig. 3, a particle 30, made from preform 20 includes 
miniaturized sections 32, 34, 36 and 38, each of the sections having a width and an 
optical property that varies from the width and an optical property of adjacent sections. 
By manufacturing particles in this manner, a uniquely coded bar code pattern can be 
provided for each group of particles made from the preform. The fiber and resulting 
particle may have a cross-sectional diameter as small as a few nanometers or a large as 
a few millimeters. 

[ 00038 ] A particle made from a fiber that has an array or bar code pattern across 
a cross sectional dimension of the fiber including, can be used as a detectable label that 
can be detected by a scanner or a suitable detector. For example, glasses that fluoresce 
red, green and blue can be assembled together to provide a fiber preform including 
longitudinal "stripes" of varying optical properties. The glass preform can then be 
drawn into a fiber or ribbon using conventional drawing techniques. Figures 4a and 4b 
show examples of particles that were manufactured by drawing fibers and slicing the 
fibers into particles. Referring to Fig. 4a, a particle having a cross-sectional dimension 
of about 50 microns and a height of about 25 microns is shown. In Fig. 4b, a particle 
having a cross-sectional dimension of about 25 microns and a height of 1 1 microns is 
shown. The particles shown in Figures 4a and 4b include dopants that fluoresce red, 
blue and green. By using a variety of rare earth dopants and combinations of rare earth 
dopants, the spectral emission can be varied. 

[00039] In another aspect of the invention, multiple glass sections that provide an 
array or bar code pattern with different optical properties can be assembled together 
with a dissolvable glass such as B 2 0 3 separating the individual sections. After the 
stacked preforms are drawn into a fiber and sliced into individual particles, the 
dissolvable glass can be removed with an appropriate solvent. For example, if B 2 0 3 is 
provided between the sections, the B 2 0 3 can be dissolved with water or acid. By using 
this technique, a fiber as small as 5 nm could be manufactured. In still another 
embodiment, a composite fiber could be made by using sections made from glass and 
sections made from polymers. After manufacture of the fibers, they could be cut into 
pieces of desired length by gang sawing, scribing and breaking, mechanical chopping or 
any other appropriate method. 
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[00040] In still another embodiment of the invention, a particle according to the 
present invention could be provided by coaxially assembling an array of rod-shaped 
preforms around a central rod and drawing the array into a fiber that could then be cut 
or sliced into a particle. In still another embodiment, individual fibers could be 
coaxially disposed around a central fiber, fused, and sliced to provide a particle. At 
least one of the individual sections could have a different optical property from the 
other sections. In another embodiment, the diameter of the individual fibers could be 
varied. A cross-sectional view of a particle made in this manner is shown in Fig. 5. 
The particle 50 includes a central section 52 surrounded by sections 54, 56, 58, 60, 62 
and 64. 

[00041] In another embodiment of the invention, shutter masking techniques can 
be utilized to produce particles having a plurality of rare earth elements deposited on 
the particles. Shutter masking techniques are known, and the concept of shutter 
masking can be applied to manufacture of labels made from particles such as 
microspheres to produce over 1000 different types of particles. For example, 1024 
different types of labeled silica spheres such as manufactured by GelTech, Inc. with a 
size of approximately 1.5 m could be manufactured in 10 steps. Unlabeled silica 
spheres would be placed into the 10 L wells of a 1536 plate (Corning, Inc.). The label 
would be applied through a mask by such sol-gel, CVD, or other suitable process. 

[00042] For the purposes of illustration, a representative four step masking 
procedure is shown in Fig. 6. It will be understood that the present invention is not 
limited to any particular number of steps or the use of any particular type of micro well 
plate. Referring to Figs. 6a and 6b, a four step masking process could be used to create 
16 different types of particles labeled with combinations of markers A, B, C, and D in a 
4x4 well plate. A, B, C, and D be fluorescent rare earth elements applied by PVD, 
CVD, etc or other appropriate markers. In this example, order is not used to distinguish 
particle types, only presence or absence of the marker. Shutter masking can be 
extended to make particles in which intensity and order of markers is used for 
identification, as well. In a first step, particles or microspheres contained in wells 0, 1, 
2, 3, 4, 5, 6, and 7 are doped with marker A, while wells 8, 9, 10, 1 1, 12, 13, 14 and 15 
are masked. Next, marker B is deposited on the particles or microspheres in wells 0, 1, 
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2, 3, 8, 9, 10 and 1 1, while wells 4, 5, 6, 7, 12, 13, 14 and 15 are masked. Then, marker 
C is added to wells 0, 1, 4, 5, 8, 9, 12, and 13, while wells 2, 3, 6, 7, 10, 11, 14 and 15 
are masked. Then, marker D is added to wells 0, 2, 4, 6, 8, 10, 12, and 14, while wells 
1, 3, 5, 7, 9, 11, 13, and 15 are masked. Fig. 6b shows the marking applied to the 
particles contained in each of the wells, wherein X represents no marker. As shown in 
Fig. 6b, the particles or microspheres in each of the wells would be marked as follows: 
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[00043] In another embodiment of the invention, a method of detecting multiple 
analytes in a sample is provided by using spectral imaging. Spectral imaging is a 
technique in which the spectral properties of every point or pixel in an image are 
captured. For example, when many fluorescent coded microparticles are excited and in 
the field of view, the emission spectra (as a function of wavelength) of every pixel in 
the image is captured. Thus non overlapping peaks can be easily resolved and simple 
computer algorithms can be used to decode or interpret the identities of all the coded 
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particles in the field of view. Using spectral imaging, the spectra at each point can be 
acquired, and the composite image obtained directly in a single scan via a computer 
algorithm. When combined with the coded particles of the present invention that can 
all be excited with the same light source, the resulting spectral image can be used to 
decode all of the coded particles with one image. Thus spectral imaging can simplify 
measurements and increase throughput as well as enable unique analysis of assays in 
which multiple tags or coded particles are present. 

[00044] In one spectral imaging experiment, a coded particle or label made from 
a fiber ribbon shown in Fig. 7a and having a cross-section of about 1 mm was decoded 
with a hand-held UV lamp and a spectral imaging microscope. The coded glass 
particle shown in Fig. 7a was made using ribbon drawing techniques described in the 
Example below. The particle included sections or "channels" of Tm, Tb, Ce, Dy, Tb 
and Dy. A 4 mW 365 rrm Hg lamp was used to illuminate the particle and the 
fluorescence was detectable from all 6 sections or channels in the particle. Even more 
importantly, the four colors of the coded particle or label were also spectrally 
resolvable. Fig. 7b shows the "decoded" ribbon in which the emission spectra were 
used to decode the fluorescent image of the ribbon and assign a selected false color to 
any pixel in the image matching the reference spectrum. According to the present 
invention, labels or coded particles can be decoded using a simple computer algorithm 
and an inexpensive 4 mW unfocused UV lamp. 

[00045] It will be understood, of course that this relatively simple experiment is 
exemplary of the present invention, and more elaborate spectral imaging systems can be 
designed by those of skill in the art. Indeed, this simple technique did not work very 
well on a 50 micron diameter fiber due to its lower absorption cross section and smaller 
signal. However, the microscope objective lens also precluded close proximity of the 
UV lamp. Using a microscope with a built-in, focused UV light source should be 
sufficient to decode smaller fibers. Alternatively, the absorption cross section of the 
fiber can be increased by increasing the dopant levels (at the sacrifice of quantum 
efficiency) or adding a sensitizer like Ce to absorb the UV and transfer it to the 
fluorescent ion. 
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[00046] Without intending to limit the invention in any manner, the present 
invention will be more fully described by the following example. 
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EXAMPLES 

Tables I and II below show exemplary glass compositions that can be used to 
make a fluorescent bar code fiber in accordance with one embodiment of the invention. 
The glass compositions in Table I and Table II were chosen because fluorescent rare 
earth materials are soluble in these glasses. It will be understood, however, that the 
present invention is not limited to a particular glass composition, and that the fibers of 
the present invention could be made from other suitable materials such as polymers or 
metals. 



Table I 



Composition (Weight %) 


1 




2 




3 


4 


Si0 2 


50.61 


51.22 


52.65 


52.40 






A1 2 0 3 


14.56 


14.73 


15.14 


15.07 






B 2 0 3 


7.39 




7.49 




7.70 


7.66 


MgO 


0.64 




0.65 




0.67 


0.67 


CaO 


3.65 




3.70 




3.79 


3.78 


SrO 


1.67 




1.69 




1.73 


1.72 


BaO 


8.24 




8.34 




8.57 


8.54 


Eu 2 0 3 


6.58 




0 




0 


0 


Tb 2 0 3 


0 




6.93 




0 


0 


Ce0 2 


0 




0 




0.23 


0 


Tm 2 0 3 


0 




0 




0 


0.99 


Y 2 0 3 


0 




0 




4.11 


3.79 


Sb 2 0 3 


1.45 




0 




0 


0 


F 


0.24 




0.24 




0.24 


0.24 



The glass compositions above were melted in 1 kg batches overnight at 1650°C, 
stirring, and then pouring a fine stream of the molten glass into a bucket of water to 
make cullet. The cullet was then remelted for 4 hrs at 1650°C and poured into a 
25x25x200 mm steel mold and annealed at 775°C for 1 hour to provide glass bars. 
This two step melting process improved glass homogeneity and quality, minimizing 
cord, bubbles, and stria in the glass. 
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The individual glass bars were then drawn into 3 mm square canes at about 
1 170°C and 250 mm/min. A single cane from each composition was stacked together 
longitudinally with a cane from each of the other compositions to form an array or a 
master preform including layers having different fluorescent properties similar to the 
arrangement shown in Fig. 2. The master preform was prefused together at 950°C in a 
graphite mold to hold them in place. The prefused preform was then drawn into ribbon 
fiber at 1200°C at .25 m/s. 

Table II 



Composition (Weight %) 


5 




6 




7 


8 


Si0 2 


55.46 


55.31 


59.53 


59.69 






A1 2 0 3 


0.96 




0.95 




1.03 


1.03 


Li 2 0 


1.60 




1.60 




1.72 


1.72 


Na 2 0 


3.32 




3.31 




3.56 


3.57 


K 2 0 


5.04 




5.03 




5.41 


5.43 


SrO 


9.70 




9.67 




10.41 


10.44 


BaO 


10.25 


10.23 


11.01 


11.03 






ZnO 


6.54 




6.52 




7.01 


7.03 


Eu 2 0 3 


7.06 




0 




0 


0 


Tb 2 0 3 


0 




7.32 




0 


0 


Ce0 2 


0 




0 




0.25 


0 


CaO 


0.01 




0.01 




0.01 


0.01 



The glass compositions above were melted in 1 kg batches for three hours at 
1500°C, stirred and poured into a 25 x 25 x 200 mm steel mold and annealed at 525°C 
for 1 hour to provide glass bars. 

The individual glass bars were then drawn into 3 mm square canes at about 
1000°C and 250 mm/min. A single cane from each composition was stacked together 
longitudinally with a cane from each of the other compositions to form an array or a 
master preform including layers having different fluorescent properties similar to the 
arrangement shown in Fig. 2. The master preform was prefused together at 700°C in a 
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graphite mold to hold the sections in place. The prefused preform was then drawn into 
ribbon fiber at 1050°C at .25 m/s. 

In each of the samples prepared above, the section of fiber doped with Eu 2 0 3 
produced red fluorescence, the sections of fiber doped with Tb 2 0 3 fluoresced green, and 
the section of fiber doped with Tm 2 0 3 and Ce0 2 fluoresced blue. These dopants are 
exemplary only, and a wide variety of other dopants could be used in accordance with 
the present invention. In addition, mixtures of dopants could be used to produce a 
wider variety of fluorescent colors. The glasses produced in this Example can be 
excited with a mercury lamp at either 254 or 365 nm. At these wavelengths, fluorescent 
tags such as the commonly used Cy-3 and Cy-5 are not excited, and therefore, crosstalk 
and interference between identifiers in the fibers and DNA labels is not an issue. 
[00047] Any suitable detection system can be utilized to detect the difference in 
optical properties between the layers of the sensors of the present invention. For 
example, in a simple system, a microscope could be utilized. Other systems could 
utilize a solid state detector, a photomultiplier tube, photographic film, or a CCD device 
used together with a microscope, a spectrometer, a luminometer microscope, a 
fluorescence scanner, or a flow cytometer. A wide variety of optical properties can be 
varied in the layers according to the present invention. Such optical properties include, 
but are not limited to difference in emission maxima, difference in fluorescent intensity, 
difference in wavelength of emission, difference of fluorescent polarization, and 
combinations of these properties. The invention is widely adaptable to a variety of 
sensing applications, including, but not limited to, clinical, forensics, genetic analysis, 
biomolecular analysis and drug-discovery efforts. 

[00048] It will be apparent to those skilled in the art that various modifications and 
variations can be made to the present invention without departing from the spirit or 
scope of the invention. Thus, it is intended that the present invention cover 
modifications and variations of this invention provided they come within the scope of 
the appended claims and their equivalents. 



